This case report describes an intensive care patient with recurrent endotracheal tube occlusion due to biting. The use and fabrication of a new form of custom built bite-block to resolve these problems is described. The device described may also provide better access for mouth care and simplify airway management compared with bite-blocks commonly used.
Endotracheal intubation is the most commonly employed technique in advanced airway management. Obstruction of endotracheal tubes (ETTs) can occur secondary to kinking, foreign bodies or the patient biting on the tube. To reduce the risk of obstruction due to the patient biting on the ETT, many forms of shields and bite-blocks, both intra-and extra-oral, have been devised. Despite this, there are still reports of life-threatening airway obstruction or damaged ETTs due to patients' biting on the ETT [1] [2] [3] [4] . When bite-blocks are utilized, access to the oral cavity for oral care can be greatly compromised [5] [6] [7] . There are reports of bite-blocks damaging dentition 8 . The new technique and device presented in this paper add several advantages to existing ETT holders. The design of the new intra-oral bite-block allows an ETT to be secured in place as well as to the bite-block. It also prevents the patient from biting on it, provides a space for the tongue, cannot be easily removed by the patient, and creates access to the oral cavity. Most importantly, the device can increase the quality of life of the patient, particularly when prolonged intubation is required. This bite block is a customized appliance, simple in its creation and use, which could provide better comfort and care for critically ill intubated patients.
CASE HISTORY
A critically ill 17-year-old male diagnosed with disseminated yolk sac tumour developed respiratory distress requiring respiratory support including endotracheal intubation. This was complicated by the patient repeatedly biting on the ETT, leading to repeated arterial haemoglobin oxygen desaturation. Initial attempts to prevent ETT occlusion with an oropharyngeal airway to act as a bite-block failed as the patient continued to push out the airway with his tongue and then bite on the ETT. A dental consultation was requested for fabrication of a bite block prosthesis. A custom bite-block was made to prevent both expulsion of the block and occlusion of the ETT by biting.
The patient was temporarily paralysed and a Molt mouth prop was used to open his mouth. Modifications were made to the stock trays to allow easy insertion into the oral cavity ( Figure 1 ) with the ETT in place. Maxillary and mandibular impressions were taken at the bedside with the ETT in place, using Alginate (Dentsply Caulk, Milford, DE). The amount of Alginate should be sufficient to capture the position of the tube, the mouth prop, the premolar and first molar areas, and the soft tissue surrounding these teeth ( Figure 2 ). Following the impressions, an occlusal green compound (Kerr, Romulus, MI) was heated in warm water until moldable and then placed between the maxillary and mandibular posterior teeth for a bite registration record ( Figure 3 ). Care was given to the opening height to capture optimal opening. An inter-incisal distance of 20 mm was used. Upon completion, care was taken to thoroughly irrigate and suction the oral cavity to remove all debris. Both impressions and bite registration record were then taken to the laboratory for fabrication of a custom intra-oral bite block device. The Alginate impressions were poured up with quick setting stone and then the models were trimmed. Using the bite registration record, the upper and lower models were set in an articulator (Figure 4 ). Cold cure acrylic (TEETS, Diamond Springs, CA) was used to make the device, which was then trimmed and polished. The patient was again temporarily paralysed and the appliance inserted into the oral cavity ( Figure 5 ).
To reduce the risk of aspiration of materials when the ETT is removed, at each stage in the production, insertion and removal of the device, care was taken to check for and remove debris in the oropharynx and nasopharynx. The patient was followed by the dental service for seven days. The bite-block was stable and well tolerated over that time and the patient stopped biting.
DISCUSSION
Patients who require longterm intubation, such as those in the ICU or semi-comatose, patients face a variety of problems with ETTs. There are many reports in the literature related to ETTs being occluded or damaged due to biting. Damaged tubes may lead to hypoxaemia and hypoventilation and the risks of re-intubation. Appropriate sedation and analgesia may minimize biting of the endotracheal tube. In some patients, especially those with longterm cerebral irritability, complications relating to prolonged need for sedation may make other means of avoiding biting of the ETT appropriate. To avoid the complications of biting on the ETT, many clinicians strongly suggest the use of shields or bite-blocks. Despite this precaution, there are still case reports describing a damaged or occluded ETT [1] [2] [3] [4] . There is commonly a limited range of bite-block sizes available and a poor fit for the patient's requirements is common. Most bite-blocks are relatively easily displaced by head, jaw or tongue movements 5 .
The design of our custom bite-block differs from existing bite-blocks and overcomes all these difficulties. The occlusal portion of the acrylic provides excellent interlocking surfaces relieving pressure on the anterior dentition and reducing the possibility of damage to anterior dentition. It also allows for a comfortable opening of less than 20 mm to prevent potential temporomandibular joint problems. The acrylic buccal flanges, which extend close to the depth of the buccal vestibules, make it harder for the patient to displace the bite-block with their tongue. The patient would have to open to a maximum opening in order to displace it from the mouth, which is unlikely to happen in semi-comatose or appropriately sedated intubated patients.
Other advantages of this device are patient comfort related to the custom fitting, ease of fabrication, and the ability to modify the design according to the patient's needs. The design also includes space for the tongue while the ET tube passes through the palatal portion of the prosthesis allowing access to the oral cavity for oral care, such as suctioning or irrigation, or further airway management if needed ( Figure 6 and  7) . All this can lead to a better quality of life during longterm intubation. Disadvantages include the need to fabricate the device, which, although not difficult, does requires time and appropriate expertise and facilities. A full explanation and rationale for the use of the device must be provided to the patient and the family as appropriate.
In summary, biting on ETTs by unparalysed or semi-comatose patients can lead to life-threatening airway obstruction. Many forms of bite-blocks are not effective in preventing the patient from occluding ET tubes, may interfere with provision of mouth care and may further complicate airway management. The device described here overcomes many of the problems. More detailed examination of the use of the device in a substantial number of patients will be required to assess the place of it in intensive care management.
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